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(54) OPTICAL RECORDING MEDIUM 

(57)Abstract: 

PURPOSE: To improve recording sensitivity and erasure sensitivity 
by forming an optica! recording medium by providing a recording 
layer having a chalcopyrite structure composed of a 4-6-element 
type compound represented by a specific general formula on a 
substrate. 

CONSTITUTION: A target having a composition ratio represented 
by formula I (wherein X is an element of the Groups lb, lib of the 
Periodic Table, Y is an element of the Groups IHb, IVb, Vb of the 
Periodic Table and Z is an element of the Groups Vb, VIb of the 
Periodic) is prepared. A sputtering method is adapted to this target 
to form a recording layer having a chalcopyrite structure composed 
of the compound having the composition ratio represented by 
formula I on a substrate composed of glass or polycarbonate to 
obtain an optical recording medium. The thickness of the recording 
layer is pref. about 200-1, OOO&angst; and a protective layer based 
on a material such as thermally stable silicon nitride can be 
laminated to the recording layer. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] The phase-change type optical recording medium characterized by being shown by the 
following general formula on a substrate, and for 4 to 6 yuan consisting of a compound, and having the 
record layer the structure of whose is KARUKO pyrite type structure. 

General formula X-Y-Z2, however X are an element to two sorts more than a kind chosen from Ag, Zn, 
andCd. 

The element Z to two sorts is an element to two sorts more than a kind chosen from Sb, Bi, P, and Te 
more than a kind as which Y was chosen from aluminum, Ga, In, Si, and Sn. 
(However, AgInTe2, AgGaTe2, and AgAlTe2 do not contain by general formula X-Y-Z2.) 
[Claim 2] The phase-change type optical recording medium given in a claim (1) characterized by 
showing the KARUKO pyrite type compound by the combination of the element which constitutes a 
record layer depending on any of the following general formula they are. 

- 4 element general formula 1. -III-Te22. (Agl-x-IIx) -IV-V23.II- (Agl-x-IIx) -V24.Ag-III- (IIIl-y-IVy) 
25.II-IV- (Vl-z-Tez) 2 and 5 element general formula 1. (Vl-z-Tez) - (Znl-x-Cdx) -V22. (Sil-y-Sny) - 
IV- (Znl-x-Cdx) 23.11- (Vl-z-V'l-z) - (Sil-y-Sny) 24. (Vl-z-V'z) - (Agl-x-IIx) -Te25. (IIIl-y-Iiry) - 
(Agl-x-IIx) -Te26. (IIIl-y-IVy) - (Agl-x-IIx) -V27.II- (Sil-y-Sny) - (IIIl-y-IVy) 28.11- (Vl-z-V'z) - 
(IIIl-y-IVy) 2.6 yuan system general formula 1. (Vl-z-Tez) - (Znl-x-Cdx) - (Sil-y-Sny) 22. (Vl-z-V'z) 

- (Agl-x-IIx) - (Sil-y-Sny) 23. (Vl-z-V'z) - (Znl-x-Cdx) - (IIIl-y-IVy) 24. (Vl-z-V'z) (Znl-x-Cdx) - 
(Sil-y-Sny) -(Vl-z-Tez)25. (Znl-x-Cdx) -(IIIl-y-IVy) -VI -z-Tez26.( Agl-x-IIx) -(IIIl-y-IVy) -(Vl-z- 
Tez) 2 - however II of the above-mentioned general formula and IIx express Zn of a II b group element, 
or Cd. 

Similarly III and Illl-y expresses AI of a III b group element, Ga, or In, and III 1 -y and Ill'y express a 

mutually different III b group element. 

Similarly IVIVy expresses Si or Sn of a IV b group element. 

Similarly V and Vl-z expresses Sb of a V b group element, Bi, or P, and Vl-z and V'z express a 
mutually different V b group element. 
Moreover, it is 0< x< 1 , 0< y< 1 , and 0< z< 1 . 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[Industrial Application] 

this invention relates to the phase-change type light information media for performing informational 
record reproduction and informational rewriting using the phase change of the record layer by light. 
[Description of the Prior Art] 

The so-called phase-change type record medium which uses transition between a crystal-amorphous 
interphase or a crystal-crystal phase by irradiation of an electromagnetic wave, especially a laser beam 
as one of the optical-memory media in which informational record and reproduction, and elimination are 
possible is known well. Especially, by optical porcelain memory, since over-writing by the difficult 
single beam is possible and the optical system by the side of a drive is also more simple, the research 
and development are active recently. As the Institute of Electronics and Communication Engineers 
collected works CPM 87-90 and its typical example of material, the so-called charges of a chalcogen 
system alloy, such as germanium-Te, germanium-Te-Sb, germanium-Te-S, germanium-Se-S, 
germanium-Se-Sb, germanium- As-Se, In-Te, Se-Te, and Se-As, are mentioned as indicated by 
USP3,530,441. Moreover, the proposal of the material which added Au (JP,61-219692,A), Sn, Au 
(JP,61-270190,A), Pd (JP,62-19490,A), etc. in the germanium-Te system for the purpose of the 
improvement in stability, high-speed crystallization, etc., the proposal of material (JP,62-73438,A) 
which specified the composition ratio of germanium-Te-Se-Sd for the purpose of the improvement in 
repeatability ability of record/elimination are made. 

However, the neither can say it as what may satisfy many properties of all demanded as a phase-change 
type rewritable optical-memory medium. It is the problem of the utmost importance which should be 
erased at the time of improvement in record sensitivity and elimination sensitivity, and over-writing, and 
the reinforcement of prevention of the elimination ratio fall by the remainder and the Records 
Department, and the non-Records Department should solve especially. 
[Problem(s) to be Solved by the Invention] 

this invention tends to offer the phase-change type information record medium [ over-write / record 
medium ] using the new phase transition nature plural compounds with which the above-mentioned 
trouble in the conventional technology is canceled, and it is satisfied of all properties, such as 
improvement in high-speed elimination and record sensitivity and elimination sensitivity, and the 
stability of the Records Department. 
[The means for solving a technical problem] 

The composition of this invention for solving the above-mentioned technical problem is a phase-change 
type record medium which is shown by the following general formula on a substrate, and consists of a 
compound, and has the record layer the structure of whose is KARUKO pyrite type structure. [ of 4 to 6 
yuan ] 

general formula X-Y-Z2 however — more than a kind as which X was chosen from Ag, Zn, and Cd — 
element to two sorts more than a kind as which Y was chosen from aluminum, Ga, In, Si, and Sn - 
element to two sorts more than a kind as which Z was chosen from Sb, Bi, P, and Te - element 
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(however, it is general formula X-Y-Z2, and AgInTe2, AgGaTe2, and AgAlTe2 do not contain.) to two 
sorts 

A ** table is carried out and the composition elements of the above-mentioned general formula are even 
a maximum of 6 elements from four elements. 

And the combination of the element as such plural compounds is shown by the following general 
formulas. 

- 4 yuan system general formula 1. -III-Te22. (Agl-x-IIx) -IV-V23.II- (Agl-x-IIx) -V24.Ag-III- (Illl-y- 
IVy) 25.II-IV- (Vl-z-Tez) 2 and 5 element general formula 1. (Vl-z-Tez) - (Znl-x-Cdx) -V22. (Sil-y- 
Sny) -IV- (Znl-x-Cdx) 23.11- (Vl-z-V'l-z) - (Sil-y-Sny) 24. (Vl-z-V'z) - (Agl-x-IIx) -Te25. (Illl-y- 
IH'y) - (Agl-x-IIx) -Te26. (IIIl-y-IVy) - (Agl-x-IIx) -V27.II- (Sil-y-Sny) - (IIIl-y-IVy) 28.11- (Vl-z- 
V'z) - (IIIl-y-IVy) 2.6 yuan system general formula 1. (Vl-z-Tez) - (Znl-x-Cdx) - (Sil-y-Sny) 22. (Vl- 
z-V'z) - (Agl-x-IIx) - (Sil-y-Sny) 23. (Vl-z-V'z) - (Znl-x-Cdx) - (IIIl-y-IVy) 24. (Vl-z-V'z) (Znl-x- 
Cdx) -(Sil-y-Sny) -(Vl-z-Tez)25.(Znl-x-Cdx) -(IIIl-y-IVy) -Vl-z-Tez26.(Agl-x-IIx) -(IIIl-y-IVy) - 
(Vl-z-Tez) 2 However II of the above-mentioned general formula and IIx are Zn of a II b group 
element, or Cd. It expresses. 

Similarly III and Illl-y expresses aluminum of a III b group element, Ga, or In, and Illl-y and IH'y 

express a mutually different III b group element. 

Similarly IVIVy expresses Si or Sn of a IV b group element. 

Similarly V and VI -z expresses Sb of a V b group element, Bi, or P, and VI -z and V'z express a 
mutually different V b group element. 
Moreover, it is 0< x<l , 0< y<l , and 0< z<l . 

Moreover, the structure of the compound shown by the above-mentioned general formula has a 
KARUKO pearlite type or structure similar to this. Similar structures are what has the structure where 
the lattice point of the position where the cation should exist was replaced by Vacancy, the thing to 
which the regular arrangement in the KARUKO pyrite structure of two sorts of cations disappeared for 
example, in KARUKO pyrite structure. 

Furthermore, a VII b group's element can be added to the plural compounds expressed with the above- 
mentioned general formula. 

Generally the compound which has KARUKO pyrite structure is expressed with the form of I b-III b-VI 
b2 and II b-IV b-V b2. 

Generally it is a tetragonal phase, an optical anisotropy is accepted, and crystal system can use these 
properties effectively. That is, if it is the compound of the form where a general formula according to 
claim 2 is taken when it is made plural systems (- of 4 yuan 6 yuan), expansion of the physical 
properties as a plural system compound (- of 4 yuan 6 yuan) can be wished that it is expectable to take 
structure similar to a KARUKO pyrite or this. 

That is, this invention is characterized by preparing the record layer which consists of the above- 
mentioned plural compounds. 

The plural compounds of the aforementioned general formula used for the record layer of this invention 
can change arbitrarily the melting point, a band gap, thermal conductivity, the specific heat, 
crystallization temperature, activation energy, its optical constant, etc. by changing the elements and 
element ratio of X, Y, or Z. That is, I b III b VI b2 compound which makes the foundation of this 
invention, or II b IV b V b2 compound has many which have the melting point around about 400-800 
degrees C, and since the energy gap is also in the absorbable range efficiently to the semiconductor laser 
of As system used now (GaAl), it can expect improvement and high-speed elimination of sensitivity. 
[ many ] 

Since this invention can expect expanding greatly by making into a multi-element system width of face 
of the various physical properties which these ternary system chemistry object has, it becomes possible 
[ canceling the aforementioned trouble which the present phase-change type optical recording medium 
has ]. 

Moreover, in the case of the compound of the aforementioned general formula, simultaneously with the 
phase transition between the conventional amorphous-crystalline substances, depending on membrane 
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formation conditions, the phase transition between crystalline-substance-crystalline substances is also 
possible. 

As the concrete example of the new phase transition nature plural compounds of the above this 
inventions Sn (Znl-xCdx) 2, (Sbl-zPz) (Agl-xZnx) Te2, Zn (Inl-yGay) (Inl-ySny) (Sbl-zPz) 2, 2 (Sb 
(In(Znl-xCdx)l-ySny)l-zPz), 2 (Sb(In(Znl-xCdx)l-ySny)l-zTez), and 2 (Sb(In(Agl-xZnx)l-ySny)l- 
zTez) grades are mentioned. 

And since improvement in sensitivity, high-speed record, and high-speed elimination are performed 

further, a VII b group element can be added as an additive. 

For example, Ag(Inl-xSbx) Te2, CI, etc. are raised as such record material. 

Glass, a polymethylmethacrylate, a polycarbonate, etc. are used as a substrate. 

The target of a predetermined composition ratio is produced to make the optical information record 

medium of this invention and the method by the sputtering technique is suitable to make. The chip of a 

single element may be used for an amendment sake for a composition gap of**** if needed. 

In this way, usually, although the formed record layer thickness is 200-1000A preferably, after taking 

into consideration optical properties, such as a substrate and a protective layer, it needs to design the 

100-1 500 A of the optimal thickness, in addition, a record layer - a ratio - it will be determined by the 

substrate temperature at the time of vacuum evaporationo whether it changes into a crystalloid state or it 

is made a crystallized state, and, in the case of ordinary temperature, it will be in an amorphous state 

Moreover, it can also be made a crystallized state by giving raising substrate temperature if needed or 

annealing. 

In this invention, a protective layer can be further prepared on a record layer. As a material of a 
protective layer, oxides, such as nitride; silicon dioxides, such as stable silicon nitride and alumimium 
nitride, and a titanium dioxide, etc. are used thermally. In addition, although it was about 1000A, after 
usually taking into consideration preferably the 300- 1500 A of substrates and the optical properties of 
record, it is necessary to design the thickness of a protective layer. A spatter is usually applied by the 
forming method like the case of a record layer. 
[Example] 

An example explains this invention in more detail below. 

Example 1 (Agl5Znl0) (Inl5Snl0) (SblOTel5) After producing the target for spatters which has 
composition of 2 and preparing the record layer of 1000A ** by the same method as examples 1 and 2 
on a glass substrate with a diameter [ of 130mm ], and a thickness of 1.2mm, it was lOOOA-thick- 
formed, having used the silicon nitride as the protective coat. And the optical property and heat 
characteristic of this record layer were first measured by the spectrophotometer and DSC as well as 
examples 1, 2, and 3 with the test piece. Reflection factor change was about 20% after vacuum 
evaporationo and initialization (amorphous) (crystalline substance) (lambda= 780nm). Moreover, 
permeability is about -15% and is larger than same independent ZnSnSb2 smaller about 20% than 
independent AgInTe2 and about 1 0%. Therefore, increase of the contrast by interference is attained with 
increase of an absorption efficiency. Moreover, the melting point was 490 degrees C and crystallization 
temperature was before and after -150 degrees C. 

Next, the disk property of this record layer was measured like examples 1 and 2. Record, reproduction, 
and elimination were performed by irradiating the semiconductor laser light (lambda= 780nm) which 
extracted the beam diameter to 1 micrometerphi grade, rotating a record medium at the rate of I800rpm 
first. In addition, record minimum power 8mW and 2mW elimination output of reproduction outputs of 
the record output were elimination minimum power 5mW. Moreover, it experimented in over-writing by 
2 moreMHz after record by 3MHz of this output/elimination condition. 

As a result, after 51dB of C/N ratio of initial record and over-writing was 49dB. On the other hand, the 
rate of elimination at this time was 30dB. 

Moreover, although 10,000 records and the recurrence experiment of elimination were conducted, most 
falls of signal level were not accepted. 

Example 2 (Znl5Cdl0) Eight targets for spatters which have composition of Sn25 (Sb30P20) were 
produced, the record layer was formed by the same method as an example 1, and the property was 
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measured by the same method. 

The melting point of this record layer was -510 degree C, and crystallization temperature was before and 
after -150 degrees C. Moreover, the reflection factor change during after initialization (result-izing) was 
it about 18% that it was amorphous (measurement wavelength of 780nm). 

These values of changing by changing the composition ratio of Zn, Cd, Sb, and P are natural. This 
shows that the flexibility for achieving record sensitivity, elimination sensitivity, and the reinforcement 
of record according to the purpose is large. That is, improvement in sensitivity and contrast can be 
aimed at by combining well each properties (the melting point, the interference effect, etc.) of ZnSnSb2 
and CdSnP2 compound which it has. 

Next, rotating the record medium after initialization at the rate of 1 800rpm, when the semiconductor 
laser light (oscillation wavelength of lambda= 780nm) which extracted the beam diameter to 1 
micrometerphi grade irradiated, record, reproduction, and elimination were performed. 
In addition, a record output is [ 2mW an elimination output, and the elimination minimum power of 
record minimum power 8mW and a reproduction output ] 5mW. Moreover, 2M Hz performed the over- 
writing examination to the pan after record on this output/elimination condition. 
Consequently, the C/N ratio of initial record hardly changed after over- writing with 50dB by 51dB. 
Moreover, it was checked that the rate of elimination at this time is 3 ldB, and it is a sufficiently usable 
stage although the elimination remainder is accepted a little. Moreover, although 10,000 records and the 
repetition experiment of elimination were conducted, most falls of signal level were not accepted but it 
was checked that a repetition property is also good. 

Example 3 The target which has composition of Zn25 (InlOSnl5) (Sb50) was produced, and the optical 
information record medium was produced by the same method as an example 1 . a test piece — an optical 
property and a heat characteristic — respectively — a spectrum ~ it measured by the diameter of 
luminous intensity, and DSC Reflection factor change was about 1 8% after vacuum evaporation© and 
initialization (amorphous) (crystalline substance) (lambda= 780nm), the melting point was -430 degree 
C and crystallization temperature was before and after -135 degrees C. The feature of the record material 
used by this example is to aim at improvement in ** contrast to lower the melting point using ZnSnSb2 
with the lowest melting point with a KARUKO pyrite compound, extend a band gap by the effect of a 
pan In, and use the interference effect. 

Next, record, reproduction, and elimination were performed by irradiating the semiconductor laser light 
(lambda= 780) which extracted the beam diameter to 1 micrometerphi grade, rotating the record medium 
after initialization at the rate of 1 800rpm. In addition, record minimum power 7mW, 2mW of 
reproduction outputs, and the elimination output minimum power of the record output were 5mW. 
Moreover, the over-writing experiment was conducted on the further after record by 2MHz on this 
output/elimination condition. 

As a result, the C/N ratio of initial record showed the value also with after [ as good ] 52dB and over- 
writing as 50dB. Moreover, the rate of elimination at this time was 30dB. 

Moreover, although 10,000 records and the repetition experiment of elimination were conducted, most 
falls of signal level were not accepted. 

By using the record layer of this invention from the above example, it is clear that improvement of a 
property is repeatedly realizable for the improvement row of record sensitivity, elimination sensitivity, 
and the rate of elimination. 
[Effect of the Invention] 

The plural compounds of the aforementioned general formula used by this invention as explained above, 
The optical constant is begun by changing the composition element ratio, and when controlling 
arbitrarily a band gap, thermal conductivity, the specific heat, the melting point, a crystallizing point, 
and activation energy in the large range uses it as a record material for possible hatchet phase-change 
type optical memory, the improvement in record sensitivity and elimination sensitivity, improvement of 
elimination, and the reinforcement of record can be achieved. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 



[Description of the Prior Art] 

The so-called phase-change type record medium which uses transition between a crystal-amorphous 
interphase or a crystal-crystal phase by irradiation of an electromagnetic wave, especially a laser beam 
as one of the optical-memory media in which informational record and reproduction, and elimination are 
possible is known well. Especially, by optical porcelain memory, since over-writing by the difficult 
single beam is possible and the optical system by the side of a drive is also more simple, the research 
and development are active recently. As the Institute of Electronics and Communication Engineers 
collected works CPM 87-90 and its typical example of material, the so-called charges of a chalcogen 
system alloy, such as germanium-Te, germanium-Te-Sb, germanium-Te-S, germanium-Se-S, 
germanium-Se-Sb, germanium- As-Se, In-Te, Se-Te, and Se-As, are mentioned as indicated by 
USP3,530,441. Moreover, the proposal of the material which added Au (JP,61-219692,A), Sn, Au 
(JP,61-270190,A), Pd (JP,62-19490,A), etc. in the germanium-Te system for the purpose of the 
improvement in stability, high-speed crystallization, etc., the proposal of material (JP,62-73438,A) 
which specified the composition ratio of germanium-Te-Se-Sd for the purpose of the improvement in 
repeatability ability of record/elimination are made. 

However, the neither can say it as what may satisfy many properties of all demanded as a phase-change 
type rewritable optical-memory medium. It is the problem of the utmost importance which should be 
erased at the time of improvement in record sensitivity and elimination sensitivity, and over- writing, and 
the reinforcement of prevention of the elimination ratio fall by the remainder and the Records 
Department, and the non-Records Department should solve especially. 
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